Increased yield and CO2 sequestration potential with the C-4 cereal sorghum bicolor cultivated in basaltic rock dust-amended agricultural soil by Kelland, M.E. et al.
This is a repository copy of Increased yield and CO2 sequestration potential with the C-4 
cereal sorghum bicolor cultivated in basaltic rock dust-amended agricultural soil.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/160363/
Version: Published Version
Article:
Kelland, M.E., Wade, P.W., Lewis, A.L. et al. (13 more authors) (2020) Increased yield and 
CO2 sequestration potential with the C-4 cereal sorghum bicolor cultivated in basaltic rock 
dust-amended agricultural soil. Global Change Biology. gcb.15089. ISSN 1354-1013 
https://doi.org/10.1111/gcb.15089
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
Glob Change Biol. 2020;00:119.   Պ|ՊƐwileyonlinelibrary.com/journal/gcb
 
!;1;b;7ĹƐƏ";r|;l0;uƑƏƐƖՊ |Պ !;bv;7ĹƖ-u1_ƑƏƑƏՊ |Պ 11;r|;7ĹƐƑ-u1_ƑƏƑƏ
DOI: 10.1111/gcb.15089  
 !    ! +  !  "   !     ! $    
m1u;-v;7b;Ѵ7-m72v;t;v|u-|bomro|;m|b-Ѵb|_|_;41;u;-ѴSorghum bicolor1Ѵ|b-|;7bm0-v-Ѵ|b1uo1h7v|Ŋ-l;m7;7
-]ub1Ѵ|u-ѴvobѴ
bh;ĺ;ѴѴ-m7Ɛ Պ|;|;u)ĺ)-7;Ɛ Պ|lĺ;bvƐ Պ|Ѵ-ĺ$-ѴouƐ Պ|
bmo"-uh-u2 Պ|ĺu-1;m7u;v3Պ|-uh!ĺol-vƐՊ|$ĺĺmm;o||omƐ Պ|
"blomĺ;lr4 Պ|!-1_-;Ѵĺ-l;v3 Պ|_ubv|or_;u!ĺ;-u1;5 Պ|";ĺ-u|Ѵ;Ɛ Պ|
-uhĺo7vom6 Պ|om-|_-m!ĺ;-h;Ɛ Պ|"|;;mĺ-m-u|7,8 Պ|	-b7ĺ;;uѴbm]Ɛ
$_bvbv-mor;m-11;vv-u|b1Ѵ;m7;u|_;|;ulvo=|_;u;-|b;ollomv||ub0|bomb1;mv;ķ_b1_r;ulb|vv;ķ7bv|ub0|bom-m7u;ruo71|bombm-ml;7blķ
ruob7;7|_;oub]bm-Ѵouhbvruor;uѴ1b|;7ĺ
šƑƏƑƏ$_;|_ouvĺGlobal Change Biologyr0Ѵbv_;70o_m)bѴ;ş"omv|7
1;;u_Ѵl;;m|u;=ouѴbl-|;_-m];
b|b]-|bomķ	;r-u|l;m|o=mbl-Ѵ-m7Ѵ-m|
"1b;m1;vķ&mb;uvb|o="_;==b;Ѵ7ķ"_;==b;Ѵ7ķ
&
2-m1-v|;umbuoml;m|;m|u;ķ-m1-v|;u
&mb;uvb|ķ-m1-v|;uķ&
3"1_ooѴo=1;-m-m7-u|_"1b;m1;ķ
&mb;uvb|o="o|_-lr|om)-|;u=uom|
-lrvķ"o|_-lr|omķ&
4ub|bv_;oѴo]b1-Ѵ"u;ķmbuoml;m|-Ѵ
"1b;m1;;m|u;ķo||bm]_-lķ&
5-|bom-Ѵ1;-mo]u-r_;m|u;ķ
"o|_-lr|omķ&
6	;r-u|l;m|o=mbuoml;m|-m7
;o]u-r_ķ&mb;uvb|o=+ouhķ+ouhķ&
7"1_ooѴo=-u|_-m7mbuoml;m|ķ
&mb;uvb|o=;;7vķ;;7vķ&
8Ѵo0-Ѵoo7-m7mbuoml;m|mv|b||;ķ
&mb;uvb|o=;;7vķ;;7vķ&
ouu;vrom7;m1;
	-b7ĺ;;uѴbm]ķ;;u_Ѵl;;m|u;=ou
Ѵbl-|;_-m];b|b]-|bomķ	;r-u|l;m|o=
mbl-Ѵ-m7Ѵ-m|"1b;m1;vķ$_;&mb;uvb| 
o="_;==b;Ѵ7ķ"_;==b;Ѵ7"ƐƏƑ$ķ&ĺ
l-bѴĹ7ĺfĺ0;;uѴbm]Šv_;==b;Ѵ7ĺ-1ĺh
m7bm]bm=oul-|bom
;;u_Ѵl;$uv|ķu-m|ņ-u7l0;uĹ
!ŊƑƏƐƔŊƏƑƖĸ!
0v|u-1|
-m7Ŋ0-v;7;m_-m1;7uo1h;-|_;ubm]Ő!)őbv-0bo];o1_;lb1-Ѵ1-u0om7bob7;u;Ŋ
lo-ѴŐ	!őv|u-|;]-blbm]|o-11;Ѵ;u-|;m-|u-Ѵ];oѴo]b1-Ѵruo1;vv;vo=1-u0omv;Ŋ
t;v|u-|bom|_uo]_-rrѴb1-|bomo=1uv_;7vbѴb1-|;uo1hvķv1_-v0-v-Ѵ|ķ|o1uorѴ-m7v
-m7 =ou;v|;7 Ѵ-m7v1-r;vĺ o;;uķ |_; ;==b1-1 o= |_; -rruo-1_ _;m m7;u|-h;m
b|_0-v-Ѵ|ķ-m7b|vro|;m|b-Ѵ1oŊ0;m;=b|v=ou-]ub1Ѵ|u;ķu;tbu;;r;ubl;m|-Ѵ-m7=b;Ѵ7
;-Ѵ-|bomĺ;u;;u;rou||_-|-l;m7bm]-&1Ѵ-ŊѴo-l-]ub1Ѵ|u-ѴvobѴb|_-_b]_
Ѵo-7bm]ŐƐƏh]ņl2őo=u;Ѵ-|b;Ѵ1o-uv;Ŋ]u-bm;71uv_;70-v-Ѵ|vb]mb=b1-m|Ѵbm1u;-v;7
|_;b;Ѵ7ŐƑƐƼƖĺƓѷķSEőo=|_;blrou|-m|4 cereal Sorghum bicolor under controlled 
;mbuoml;m|-Ѵ1om7b|bomvķb|_o|-11lѴ-|bomo=ro|;m|b-ѴѴ|ob1|u-1;;Ѵ;l;m|vbm
|_;v;;7vĺ+b;Ѵ7bm1u;-v;vu;vѴ|;7=uol|_;0-v-Ѵ||u;-|l;m|-=|;uƐƑƏ7-vb|_o|
Ŋ-m7Ŋ=;u|bѴb;u-77b|bomĺ"_oo|vbѴb1om1om1;m|u-|bomv-Ѵvo bm1u;-v;7vb]mb=b1-m|Ѵ
ŐƑѵƼƔĺƓѷķSEőķb|_ro|;m|b-Ѵ0;m;=b|v=ou1uoru;vbv|-m1;|o0bo|b1-m7-0bo|b1v|u;vvĺ
Ѵ;l;m|-Ѵ 07];|v bm7b1-|; v0v|-m|b-Ѵ u;Ѵ;-v; o= 0-v; 1-|bomv blrou|-m| =ou bmouŊ
]-mb11-u0omu;lo-Ѵ-m7|_;bu-11lѴ-|boml-bmѴbm|_;vobѴ;1_-m];-0Ѵ;rooѴvĺ
;o1_;lb1-Ѵ u;-1|b; |u-mvrou| lo7;ѴѴbm]ķ 1omv|u-bm;7 0 ;Ѵ;l;m|-Ѵ 07];|vķ bm7bŊ
1-|;72v;t;v|u-|bomu-|;vo=ƑŋƓ|2ņ_-ķƐŋƔ;-uv-=|;u-vbm]Ѵ;-rrѴb1-|bom
o=0-v-Ѵ|b1uo1h7v|ķbm1Ѵ7bm]b-m;Ѵ=oul;7vobѴ1-u0om-|;lbm;u-Ѵv_ov;Ѵom]Ŋ
|;ul=-|;u;tbu;v-vv;vvl;m||_uo]_=b;Ѵ7|ub-Ѵvĺ$_bvu;ru;v;m|v-m-rruobl-|;Ѵ
=ou=oѴ7bm1u;-v;bm1-u0om1-r|u;1olr-u;7|o1om|uoѴrѴ-m|ŋvobѴvv|;lvb|_o|
0-v-Ѵ|ĺuu;vѴ|v0bѴ7vrrou|=ou!)7;rѴol;m|-v-	!|;1_mbt;1olr-|b0Ѵ;
b|_vru;-7bm]0-v-Ѵ|ro7;uom-1b7b1Ѵo-lvobѴv1ollom-1uovvlbѴѴbomvo=_;1|-u;v
o=;v|;umuor;-m-m7ou|_l;ub1-m-]ub1Ѵ|u;ĺ
  + )  ! 	 "
1-u0omu;lo-Ѵķ1uorruo71|bb|ķlbm;u-Ѵ;-|_;ubm]ķm;]-|b;;lbvvbomv|;1_moѴo]ķ
u;-1|b;|u-mvrou|lo7;ѴѴbm]ķvbѴb1omķvobѴ-1b7b=b1-|bom
ƑՊ|Պ ՊՍ KELLAND ET AL.
ƐՊ |Պ$!	& $
	;rѴol;m| o= Ѵ-u];Ŋv1-Ѵ; 1-u0om 7bob7; u;lo-Ѵ Ő	!ő v|u-|;Ŋ
]b;v-u;u;tbu;7|o];|_;ub|_7u-v|b1r_-v;Ŋ7omo=2;lbvŊ
vbomv =uol =ovvbѴ =;Ѵv |o l;;| bm|;um-|bom-ѴѴ -]u;;7 1Ѵbl-|;
|-u];|v Ő&ķ ƑƏƐѶőĺ !;v;-u1_ bv |_;u;=ou; u];m|Ѵ u;tbu;7 |o
7;|;ulbm; ;==b1-1ķ 1oŊ0;m;=b|vķ ;mbuoml;m|-Ѵ ubvhvķ v1-Ѵ-0bѴb|
-m71ov|vo=v1_	!v|u-|;]b;vŐ"ķƑƏƐѶĸ!ķƑƏƐƔĸ&ķ
ƑƏƐѶőĺ m_-m1;7 uo1h ;-|_;ubm] Ő!)ő bv - Ѵ-m7Ŋ0-v;7 	!
v|u-|;]-77u;vvbm]lѴ|brѴ;&"v|-bm-0Ѵ;	;;Ѵorl;m|o-Ѵv
Ő"lb|_;|-ѴĺķƑƏƐƖő_b1_bmoѴ;v-l;m7bm]-]ub1Ѵ|u-ѴvobѴvb|_
1uv_;7-0m7-m|vbѴb1-|; uo1hv Ő;ĺ]ĺ0-v-Ѵ|ő |o-11;Ѵ;u-|;1-u0om
1-r|u;ĺlrѴ;l;m|;7om1uorѴ-m7vb|_-vro|;m|b-Ѵ|obm1u;-v;ruoŊ
71|bomķruo|;1|-]-bmv|r;v|v-m77bv;-v;v-m7-vvbv|bmu;v|oubm]
-1b7b=b;7 m|ub;m|Ŋ7;rѴ;|;7 vobѴv Ő;;uѴbm] ;| -Ѵĺķ ƑƏƐѶĸ -u|l-mm
;| -Ѵĺķ ƑƏƐƒĸ -m|oѴ-ķ -v|;uvķ ;;uѴbm]ķ om]ķ ş 	;1b-ķ ƑƏƐƕĸ
,_-m]ķ -m]ķ )-m]ķ ş ,_ķ ƑƏƐѶőĺ $_; -rrѴb;7 vbѴb1-|; lbm;u-Ѵv
m7;u]ou;-1|bomvb|_2bm|_;u_bovr_;u;ķu;Ѵ;-vbm]0-v;1-|Ŋ
bomvŐ;ĺ]ĺķ-2+ķ]2+ő-m7-Ѵh-Ѵbmb|ĺ	;r;m7bm]omvobѴ1_;lbv|uķ
|_bv1-mu;vѴ|bm;b|_;u|_;=oul-|bomr;7o];mb11-u0om-|;vou0;
7;Ѵb;u;7|o|_;o1;-mvb-umŊo==ĸ0o|_uo|;vv|ou;1-u0omb|_
-m;v|bl-|;7 Ѵb=;|bl;o=|;mvo=lbѴѴ;mmb- Ő-u|l-mm;|-ѴĺķƑƏƐƒĸ
!;m=ou|_ş;m7;uvomķƑƏƐƕőĺbmblbbm]-7;uv;;==;1|vo=!)
=uollbmbm]ķbm1Ѵ7bm]-vvo1b-|;7blr-1|vom0bo7b;uvb|Ő7-u7v
;|-ѴĺķƑƏƐƕőbv1om|bm];m|om;rѴob|bm];bv|bm]vbѴb1-|;uo1h-v|;
v|u;-lvķ=ou;-lrѴ;ķ=uolt-uub;v-m7Ѵ;]-1u;v;u;vķ-m7-u|b=bŊ
1b-ѴvbѴb1-|;vŐ;;uѴbm];|-ѴĺķƑƏƐѶĸ	-vķblķ-m]ķ(;ul-ķşblķ
ƑƏƐƖĸ -mmbm]ķ !;m=ou|_ķ or;Ŋ-r;Ѵķ !o0;u|vomķ ş _-bu;_ķ
ƑƏƐƒőĺ&m7;u|-h;m-|Ѵ-u];v1-Ѵ;ķ!)bv-	!v|u-|;]|_-|l-
_-; ro|;m|b-Ѵ |o vrrou| =oo7 -m7 vobѴ v;1ub| -m7 _;Ѵr -;u|
o1;-m -1b7b=b1-|bom Ő-u|l-mm ;| -Ѵĺķ ƑƏƐƒĸ D堀hѴ;uķ -u|l-mmķ ş
)oѴ=ŊѴ-7uoķƑƏƐƏĸ$-Ѵou;|-ѴĺķƑƏƐѵőĺ
l;ub1-Ѵlo7;ѴѴbm]bm;v|b]-|bomvŐD?_Ѵ;u;|-ѴĺķƑƏƐƏĸ$-Ѵou
;| -Ѵĺķ ƑƏƐѵő _-; -vv;vv;7 |_; 	! ro|;m|b-Ѵ o= !) Ѵ-u];Ѵ bm
|_; 1om|;| o= |uorb1-Ѵ =ou;v|vķ 0| |_; =o1v bv mo |umbm] |oŊ
-u7v 1uorѴ-m7v -m7 vobѴv om _b1_ 7;rѴol;m| b|_ ;bv|bm]
Ѵ-m7Ŋvru;-7bm]|;1_moѴo]v_oѴ70;=;-vb0Ѵ;Ő;;uѴbm];|-ѴĺķƑƏƐѶĸ
-m|oѴ-;|-ѴĺķƑƏƐƕĸ"|u;=Ѵ;uķl-mmķ-;uķub;]Ѵ;uķş-u|l-mmķ
ƑƏƐѶőĺr;ubl;m|-Ѵ-m7=b;Ѵ7|ub-Ѵruo]u-ll;v-u;|_vm7;u-
;-lbmbm]2u;lo-Ѵu-|;v-m7=;;70-1hvom1uorr;u=oul-m1;
-m7vobѴ_;-Ѵ|_ĺ"1_|ub-Ѵv_-;u;rou|;7u-|;vo=2u;lo-Ѵ=oѴŊ
Ѵobm]-l;m7l;m|o=7b==;u;m|-]ub1Ѵ|u-ѴvobѴv-1uovv-u-m];o=
-rrѴb1-|bomu-|;vb|_|_;=-v|Ŋ;-|_;ubm]l-]m;vblvbѴb1-|;ķoѴŊ
bbm;Ől-mm;|-ѴĺķƑƏƐѶĸ	b;|;mķ-uubvomķşb1_;Ѵv;mŊouu;-ķ
ƑƏƐѶĸ!;m=ou|_ķo]];om"|u-m7l-mmķş;m7;uvomķƑƏƐƔĸ|;m
;u]; ;| -Ѵĺķ ƑƏƐƑőĺ o;;uķ 2 u;lo-Ѵ 0 ;-|_;ubm] o= oѴŊ
bbm;Ŋ7olbm-m| 7mb|; bv o=|;m -11olr-mb;7 0 bm1u;-v;v bm roŊ
|;m|b-ѴѴ |ob1 mb1h;Ѵ Őbő -m7 1_uolbl Őuő 1om1;m|u-|bomv |_-|
l-0;ruo0Ѵ;l-|b1 =ou-]ub1Ѵ|u-Ѵ-rrѴb1-|bomvĺ-v-Ѵ| uo1h bv-
ruorov;7-Ѵ|;um-|b;vbѴb1-|;ķ1om|-bmbm]-|Ѵ;-v|vbrѴ-m|Ŋ;vv;m|b-Ѵ
m|ub;m|v Őķķ-ķ]ķ;-m7mő-m7;u Ѵo1om1;m|u-|bomv
o=u-m7bŐ;;uѴbm];|-ѴĺķƑƏƐѶĸ-u|l-mm;|-ѴĺķƑƏƐƒĸ-m|oѴ-
;| -Ѵĺķ ƑƏƐƕőĺ Ѵ|_o]_ vbѴb1om Ő"bő bv u;]-u7;7 -v - momŊ;vv;m|b-Ѵ
;Ѵ;l;m|=ourѴ-m|vķ1;u;-Ѵvķ|_;lov|blrou|-m|1uorv]Ѵo0-ѴѴķ-1Ŋ
1lѴ-|;"bbm|_;buv|u--m7v|o;uķb|_0;m;=b|v=ou1uorb;Ѵ7
-m7u;vbv|-m1;|o-0bo|b1-m70bo|b1v|u;vvŐ	;0om-ķ!o7ub];vķş
	-|mo==ķƑƏƐƕĸm|;uķ;ѴѴ;uķş;mb;uķƑƏƐƑőĺ)_;m1uoru;vbŊ
7;v-u;mo|u;|um;7|o|_;Ѵ-m7ķ|_bv7;rѴ;|;v|_;rѴ-m|Ŋ--bѴ-0Ѵ; 
"brooѴv-m71-m1omv|u-bmb;Ѵ7vŐ-m;vķƑƏƐƕőĺl;m7bm]_b]_Ѵ
;-|_;u;7 vobѴv o= |uorb1-Ѵ -]ub1Ѵ|u-Ѵ u;]bomv b|_ 0-v-Ѵ| bmŊ
1u;-v;7 b;Ѵ7v o= 1uorvķ -m7 blruo;7 vobѴ _;-Ѵ|_ Ő;ĺ]ĺ bm1u;-v;7
vobѴr-m71-|bom;1_-m];1-r-1b|Œœĸ;;uѴbm];|-ѴĺķƑƏƐѶĸ
7-u7v;|-ѴĺķƑƏƐƕĸ-u|l-mm;|-ѴĺķƑƏƐƒĸ(-m"|u--|;mķƑƏƏѵőĺ
77b|bom-ѴѴķ vobѴv ruo71;7 =uol 0-v-Ѵ|b1 t-uu =bm;v _-; bmŊ
ou]-mb1 1-u0om v;t;v|u-|bomro|;m|b-Ѵ b- bm vb| 1-u0om-|; =ouŊ
l-|bomķ ;vr;1b-ѴѴ _;m lb;7 b|_ ou]-mb1 l-||;u Ő-mmbm]
;|-ѴĺķƑƏƐƒőĺo;;uķ |_;-l;m7l;m|o=vobѴvb|_1uv_;70-Ŋ
v-Ѵ|om1uorruo71|bomo|vb7;|_;|uorb1vķrovvb0Ѵv0v|b||bm]
bmr-u| =ou;r;mvb; uo1hŊ7;ub;7Ŋ-m7Ŋ=;u|bѴb;uv Ől-mmş
-u|l-mmķƑƏƐƖĸ;;uѴbm];|-ѴĺķƑƏƐѶőķ-m7b|v	!ro|;m|b-Ѵu;Ŋ
l-bm|o0;-vv;vv;7ĺ
;u; ; bm;v|b]-|; !) 1-u0om u;lo-Ѵ -m7 1oŊ0;m;=b|v
b|_|_;4 crop Sorghum bicolor]uom-|0;m1_Ŋv1-Ѵ;bmlbѴ7Ѵ
-1b7b11Ѵ-ŊѴo-l-]ub1Ѵ|u-ѴvobѴ-l;m7;7b|_0-v-Ѵ|b1uo1h7v|ĺ
Sorghumbvom;o=|_;lov|b7;Ѵ1Ѵ|b-|;71;u;-Ѵ1uorvbm|_;
ouѴ7-m7|_;=b=|_lov|blrou|-m|1uor=ou=oo7-m7-mbl-Ѵ=;;7ķ
b|_ |_; &mb|;7 "|-|;v 0;bm] |_; Ѵ;-7bm] ruo71;u Ő$u_oѴѴoķ
);00ķş	ombm]ķƑƏƐƏőĺ|-Ѵvoruob7;v-u;ru;v;m|-|b;=m1Ŋ
|bom-Ѵ |r; vblbѴ-u |o |_; 4 1uor l-b; vb|-0Ѵ; =ou 1Ѵ|b-|bom
-||_;l;vo1ovlv1-Ѵ;m7;u1om|uoѴѴ;7;mbuoml;m|1om7b|bomvĺ
Sorghum -m7 l-b; -u; o=|;m ]uom bm vѴb]_|Ѵ -1b7b1 1Ѵ-ŊѴo-l
vobѴv|_-|-u;blrou|-m|-]ub1Ѵ|u-ѴvobѴvo=;v|;umuor;-m7
|_; &mb|;7 "|-|;vĺ 	;r;m7bm] om =;u|bѴb;u |u;-|l;m| Sorghum 
1-m =oul vl0bo|b1 -vvo1b-|bomv b|_ -u0v1Ѵ-u l1ouu_b-Ѵ
Őő=m]bŐbm7l-|_bş!;77ķƑƏƐƐő|_-|-u;blrou|-m|0bo|b1
-];m|vo=lbm;u-Ѵ7bvvoѴ|bomŐ buh;|-ѴĺķƑƏƐƑőĺu;r;ubl;mŊ
|-Ѵ-rruo-1_ķ|_;u;=ou;ķbv-=buv|v|;r|o-u7vm7;uv|-m7bm]|_;
ro|;m|b-Ѵ -rrѴb1-0bѴb| o= !) b|_ 0-v-Ѵ| bm - |;lr;u-|;Ŋom;
-]ub1Ѵ|u-Ѵ 1om|;| _b1_ bѴѴ 0; blrou|-m| =ou m7;uv|-m7Ŋ
bm] vb|-0bѴb| =ou Ѵ-u];Ŋv1-Ѵ; 7;rѴol;m| o= |_bv 	! v|u-|;]
Ő;;uѴbm] ;| -Ѵĺķ ƑƏƐѶĸ -t;ķ "-m|ovķ 	||-ķ $_bll-m-]-ubķ ş
_b-m]ķ ƑƏƐƖĸ ,_-m] ;| -Ѵĺķ ƑƏƐѶőĺ -v-Ѵ|b1 lbm;u-Ѵ 7bvvoѴ|bom
-m71-u0omv;t;v|u-|bomro|;m|b-Ѵ;u;-vv;vv;7b|_;Ѵ;l;m|-Ѵ
07];|vŐrѴ-m|vŋvobѴŋѴ;-1_-|;rooѴvőĺ;uѴom];ulѴ|b;-u|bl;
_oubomvķ ; -vv;vv 7bvvoѴ|bom |u-f;1|oub;v -m7 u;vѴ|bm] 	!
vbm]-Ɛ	u;-1|b;|u-mvrou|vobѴruo=bѴ;];o1_;lb1-Ѵlo7;Ѵ1-ѴŊ
b0u-|;7|oou;r;ubl;m|-Ѵu;vѴ|vķl;-vu;70-v-Ѵ|lbm;u-Ѵo]
-m7r-u|b1Ѵ;vb;7bv|ub0|bomĺ
ƑՊ |Պ$! "	$	"
ƑĺƐՊ|Պ);-|_;ubm]u;-1|ou7;vb]m
r;ubl;m|v ;u; 1om71|;7 b|_ u;rѴb1-|;7 l;vo1ovlv _ov;7
b|_bm |_; &mb;uvb| o= "_;==b;Ѵ7 1om|uoѴѴ;7 ;mbuoml;m| =-1bѴb|ĺ
ՊՍ Պ |ՊƒKELLAND ET AL.
);-|_;ubm]u;-1|ouv;u;1omv|u1|;7=uol|oѴ;m]|_vo=ƐƔƑll
bm|;um-Ѵ 7b-l;|;u roѴbmѴ 1_Ѵoub7; rbr;ķ 1orѴ;7 0 - roѴu;Ŋ
|_-m;Ŋv;-Ѵ;7 fobm|ķ_;u;-ѵƏƏllѴom]rr;uŊv;1|bom1om|-bm;7
|_;vobѴ-m7-ƓƏƏllѴom]0-v;Ŋv;1|bom_ov;7|_; Ѵ;-1_-|;1oѴŊ
Ѵ;1|bom-vv;l0ѴŐb]u;"Ɛ-őĺƑƏll7b-l;|;umѴommoѴ;-v
v;| bm|o |_; 0o||ol o= |_; vobѴŊ1om|-bmbm] rr;uŊv;1|bomķ |o 7bu;1|
Ѵ;-1_-|; bm|o-Ɛ-l0;u)bm1_;v|;u0o||Ѵ;b--roѴ|;|u-=ѴouoŊ
;|_Ѵ;m;=mm;ѴĺƔƏll7;;r7u-bm-]; Ѵ-;u Ѵo1-|;7-||_;0-v;
o=|_;1oѴlmv-vv;7|oru;;m|lb]u-|bomo=vobѴr-u|b1Ѵ;vbm|o
Ѵ;-1_-|;moѴ;vķ-m71olrubv;7Ɣll7b-l;|;uroѴ;|_Ѵ;m;0;-7v
rѴ-1;7om-_b]_Ŋ7;mvb|roѴ;|_Ѵ;m;v1u;;mŐƑlll;v_vb;őĺѴ]-Ѵ
]uo|_bm|_;)bm1_;v|;u1oѴѴ;1|bom0o||Ѵ;vķ-vlbmblb;70;mŊ
1Ѵovbm]|_;lbm7;|-1_-0Ѵ;or-t;rѴ-v|b1l;l0u-m;vĺoѴlmvobѴ
vu=-1;v;u;7u;vv;7b|_-ƔƏll7;;rroѴ;|_Ѵ;m;0;-7Ѵ-;u
|ou;71;;-rou-|bom-m7lbmblb;lovv]uo|_ĺ
ƑĺƑՊ|Պ"obѴ1_-u-1|;ub-|bom-m7ru;r-u-|bom
bѴ7Ѵ-1b7b1 vobѴ ŐrƷѵĺѵĸl;-vu;l;m|ruo|o1oѴ bm";1|bomƑĺƔő
b|_-1Ѵ-ŊѴo-l|;|u;ŐƒƐĺѶѷķƒƔĺƓѷ-m7ƒƑĺѶѷ0l-vvo=1Ѵ-
ŒƺƑ੿lœķvbѴ|ŒƑŋѵƏ੿lœ-m7v-m7ŒѵƏŋƑķƏƏƏ੿lœķu;vr;1|b;Ѵő-v
1oѴѴ;1|;7=uol-m-]ub1Ѵ|u-Ѵ=b;Ѵ7o=Brassica napus ŐobѴv;;7u-r;ő
-| |_; -l; -m7 )bѴ7Ѵb=; omv;u-|bom $uv|ķ ѴѴ;u|om uof;1|ķ
;b1;v|;uv_bu;ķ &mb|;7 bm]7ol ŐѴ-|b|7; ƔƑĺѵƏƓƒƑѶŦķ Ѵom]b|7;
ƏĺѶƑƔѵƔƖŦ)őĺ$_;vobѴ_-7-o=ƑƔĺƓ1loѴ Őr+őņh]ķb|_ƻƖƖѷ
0-v; v-|u-|bomķ -m7 - Ѵo |o|-Ѵ ou]-mb1 1-u0om Ő$ő 1om|;m| o=
ƐĺƑѷŐ|ѷőĺ
ubou|o=bѴѴbm]l;vo1ovlvķvobѴ-vl-m-ѴѴ1ollbm|;70u;Ŋ
lobm]Ѵ-u];v|om;v-m7bm;u|;0u-|;vķ-m7|_;m0r-vvbm]|_uo]_
-uo|-uvobѴvb;;ŐƑƏlll;v_vb;ĸlo7;ѴĹ!"ƓƏƏķѴ-uh;o;u
uo71|vőĺ  v0Ŋ -m7 |orvobѴ -uu-m];l;m| -v ;m]bm;;u;7 bm |_;
rr;uŊv;1|bomo=|_;;-|_;ubm]u;-1|ou|ovblѴ-|;-|bѴѴ-];u;]bl;
Őb]u; "Ɛ-őķ 1olrov;7 o= Ɠĺƒ -m7 ƔĺƏ h] o= vobѴķ -m7 1olr-1|;7
|o-m-rruobl-|;0Ѵh7;mvb|o=ƐĺƏƔ-m7ƐĺƑh]ņ u;vr;1|b;Ѵĺ
$_;;==;1|b; vobѴ 1oѴlm Ѵ;m]|_-vƔƏƏllĺ);ѴѴŊ1_-u-1|;ub;7
1uv_;70-v-Ѵ|Őv;;";1|bomƑĺѵĸ|o|-Ѵl-vvo=ƐѶƐĺƔƼƏĺƔ]r;u1oѴŊ
lmĸ;tb-Ѵ;m||oƐƏh]ņl2ő=uol-|rb1-ѴoѴ1-mb1-u1lom|-bm
bm|_;-v1-7;!-m];ķu;]omķ&mb|;7"|-|;vķ-vlb;7b|_vobѴbm
|_;rr;uƑƔƏllo=|_;|u;-|;71oѴlmvŐnƷѵő|ovblѴ-|;rѴo]_
Ѵ-;ulbbm]7;r|_ĺ$_bv-rrѴb1-|bomu-|;bv|o-u7v|_;rr;uѴblb|
o=|_;ru-1|b1-Ѵu-m];0|Ѵo;u|_-m|_-|v;7bm-u;1;m|lo7;ѴѴbm]
v|7 ŐƐƔ h]ņl2ĸ "|u;=Ѵ;u ;| -Ѵĺķ ƑƏƐѶőĺ m|o |_bv Ѵ-;uķ ; lb;7 -
1oll;u1b-Ѵ=m]-Ѵ bmo1ѴlŐƑƔ]r;u1oѴlmő|oruolo|;;vŊ
|-0Ѵbv_l;m|o=|_bvvl0bovbvŐѴ-m|)ouhv&|7őĺѴ-m|;7;-|_;uŊ
bm]u;-1|ouv1om|-bmbm]omѴvobѴ-m7l1ouu_b-Ѵbmo1ѴlŐb|_o|
|_; 0-v-Ѵ| -l;m7l;m|ő ;u; l-bm|-bm;7 -v |_; 1om|uoѴ |u;-|l;m|
Őn Ʒ ѵőĺ ); -Ѵvo 0ub;7 0-v-Ѵ|Ŋ=bѴѴ;7 mѴom l;v_ ŐƒƔ ੿l 7b-l;|;uő
0-]v ŐƔƏ Ƶ ƔƏ llő bm |_; |or ƑƔƏ ll 7;r|_ o= |_; vobѴ 1oѴlmv
ŐƑ r;u 1oѴlmő =bѴѴ;7 b|_ ƒ ] o= vb;;7 -m7 -v_;7 0-v-Ѵ| ]u-bmv
ŐƔƏŋƐƔƏ੿lvb; =u-1|bomőĺ$_;l;v_-v1_ov;m |o;1Ѵ7; uoo|v
0| r;ulb| -11;vv |o =m]-Ѵ _r_-; =uol l1ouu_b-ĺ $_;v; 0-]v
;u;u;1o;u;7-||_;;m7o=|_;;r;ubl;m||o7;|;ulbm;1_-m];v
bmvu=-1;1_;lbv|u-m7-m-Ѵvbvo=|_;lb1uoou]-mbvlv1oѴombbm]
|_;uo1h]u-bmvĺ
ƑĺƒՊ|ՊѴ-m|l-|;ub-Ѵv
	-u= _0ub7 S. bicolor Ő;mmvѴ-mb- ƐƐƔĸ -h0-mh -l;
-m7 omv;u-|bomő -v 1Ѵ|b-|;7 bm |_; ;-|_;ubm] u;-1|ouvĺ
rruobl-|;Ѵ ƒƏƏ v;;7v ;u; ru;];ulbm-|;7 om =bѴ|;u r-r;u
Ő)_-|l-m ŲƐőķ lobv|;m;7 b|_ 7bv|bѴѴ;7 -|;uķ rѴ-1;7 bm brŊѴo1h
rѴ-v|b1 0-]v -m7 bm10-|;7 -| ƑƔŦ bm 7-uhm;vv =ou ƑƓ _uĺ 0o|
ƐƏƏ v;;7v b|_ uo]_Ѵ ;t-Ѵ u-7b1Ѵ; Ѵ;m]|_ Ő1-ĺ Ɣ llő ;u; v;Ŋ
Ѵ;1|;7=ourѴ-m|bm] bmv;;7Ŋ|u-v1om|-bmbm]|_;;r;ubl;m|-ѴvobѴķ
|u-mv=;uu;7|o|_;]uo|_uoolķ-m7l-bm|-bm;7-|ѵƏѷŋƕƏѷu;Ѵ-Ŋ
|b;_lb7b|ķb|_ƐѶ_uņ7--|ƑƔņƐƕŦ7-ņmb]_||;lr;u-|u;vĺ
=|;uƑƓ_uķƒƏv;;7Ѵbm]v;l;u];7=uol|_;vobѴķo=_b1_ |_;ƐƑ
Ѵ-u];v|rѴ-m|v;u;]uom=ou-=u|_;uƐƓ7-vķ0;=ou;0;bm]u-mŊ
7olѴ -vvb]m;7 =ou |u-mvrѴ-m|-|bom |o ;-|_;ubm] u;-1|ouv bm |_;
]uo|_ uooll-bm|-bm;7m7;u |_;v-l;1om|uoѴѴ;7;mbuoml;m|
1om7b|bomvĺ Ѵ-m|v ;u; ]uom m7;u - r_o|ovm|_;|b1-ѴѴ -1|b;
u-7b-|bomŐƓƏƏŋƕƏƏmlőo=ѶƏƏ੿loѴr_o|omvlƴƑvƴƐķ-m7=ou|_;
=buv| ѵƏ 7-v =uol ;l;u];m1; |o 0oo| v|-];ķ |_; 7- Ѵ;m]|_ -v
ƐѶ_u0||_;mv_ou|;m;7|oƐƏ_u=ou|_;=bm-ѴѵƐ7-vm|bѴ_-uŊ
;v|ĺѴ-m|v;u;_-u;v|;7-|r_vboѴo]b1-Ѵl-|ub|ķ v;]u;]-|;7
bm|o uoo|ķ v_oo|-m7v;;7r-u|vķ-m77ub;7 bm- =ou1;7Ŋ-buo;m-|
ѵƏŦ=ouƑƓ_uĺ
ƑĺƓՊ|Պuub]-|bomu;]bl;-m7;==Ѵ;m|1oѴѴ;1|bom
!;-1|ouv;u;buub]-|;7om-Ɣ7-uo|-|bom0-vbvvbm]u;;uv;ovŊ
lovbv -|;u 7;Ѵb;u;7 b- - 0;vroh; 7ubrŊ=;;7 buub]-|bom vv|;l
-| ƐƑĺƔ lѴņlbm Őb]u; "Ƒķ |o|-Ѵ buub]-|bom -lom| o= ƐƒĺƖ  o;u
ƐƑƏ7-vőĺ&u;--v7bvvoѴ;7bmbuub]-|bom-|;uŐ|o|-ѴƏĺƕƐ]rubѴѴ;7
u;-r;uu;-1|ou7ubm]ƐƑƏ7-;r;ubl;m|ő-m7vrrѴb;7r;ubo7bŊ
1-ѴѴ |o;-1_u;-1|oub|_|_;|o|-Ѵ-77b|bomu-|;u;ru;v;m|-|b;o=
_b]_b;Ѵ7bm]1uorѴ-m7vouѴ7b7;ŐƐѶƏh]ņ_-ĸo||;uķ!-l-mh||ķ
;mm;||ķş	omm;uķƑƏƐƏőĺoŊouŊ=;u|bѴb;u-v-77;77ubm]|_;
;r;ubl;m|ĺuub]-|bom-|;uvrrѴ-v-7fv|;7|oruo71;-0o|
ƐƔƏlѴo=Ѵ;-1_-|;-0o|ƑƓ_u-=|;u;-1_buub]-|bom;;m|Őb]u;"Ƒőĺ
;-mbm=bѴ|u-|bomu-|;7ubm]|_;;r;ubl;m|-vƑĺƐllņ7-ĺƔѷ
v0v-lrѴ; o= 1oѴѴ;1|;7 Ѵ;-1_-|; -v =bѴ|;u;7 |_uo]_ - bmbv-u|
0.22 μl1;ѴѴѴov;mb|u-|;=bѴ|;uŐ"-u|oubv&|7őķ-m7u;=ub];u-|;7-|
ƓŦrubou|o1_;lb1-Ѵ-m-Ѵv;vĺ
ƑĺƔՊ|Պ;-1_-|;ķvobѴķrѴ-m|-m7uo1h-m-Ѵvbv
;-1_-|; -m7 vobѴ r ;u; l;-vu;7 b|_ - ;m- ƒƔƓƏ ;m1_
ol0bm;7 om71|bb|ņr ;|;u Ő;m-őĺ ;-vu;l;m|v ;u;
v|-m7-u7b;7vbm]-ƒrobm|1-Ѵb0u-|bomom|_;_7uo];mbomloѴ-u
-1|bb| v1-Ѵ; ŐrƷƴѴo]Ŕ+ŕővbm]v|-m7-u7voѴ|bomv-|rƓĺƏƏķ
ƕĺƏƏ-m7ƐƓĺƏƏĺouvobѴrl;-vu;l;m|vķƐƔ]o=-buŊ7ub;7vobѴ-v
ƓՊ|Պ ՊՍ KELLAND ET AL.
;b]_;7bm|o-ƐƏƏlѴ]Ѵ-vv0;-h;u-m7]u-7-ѴѴlb;7b|_ƒƏlѴo=
7;bomb;7-|;uŐƐĹƑl-vvu-|boo=vobѴĹ-|;uővbm]-]Ѵ-vvv|buu;uķ=ou
ƒlbmĺ$_;voѴ|bom-vѴ;=||o;tbѴb0u-|;b|_|_;-|lovr_;u;=ou
ƒƏlbm0;=ou;u;1ou7bm]|_;l;-vu;7ro=|_;vѴuu|oƏĺƏƐr
mb|vĺ	bvvoѴ;71-|bom1om1;m|u-|bomvbm|_;Ѵ;-1_-|;;u;t-m|bŊ
=b;70m71|b;ѴorѴ;7Ѵ-vl-|olb1lbvvbom"r;1|uol;|u
ŐŊ"ĸ "r;1|uoŊbuovŊ(bvbomķ "r;1|uo m-Ѵ|b1-Ѵ mv|ul;m|v
l0ĸ7;|;1|bomѴblb|=ou]ņ-ņ"uƷƏĺƏƏƐl]ņĸ1-Ѵb0u-|;7b|_
lѴ|bŊ;Ѵ;l;m| v|-m7-u7v =uol 1;u|b=b;7 v|o1h voѴ|bomvőĺ "obѴ ;Ŋ
1_-m];-0Ѵ;1-|bomv;u;bvoѴ-|;70Ѵ;-1_bm]vobѴb|_Ɛ-lloŊ
mbl-1;|-|;Ő432ĸrƕĸ_-rl-mķƐƖѵƔőķ-m7v0v;t;m|
;Ѵ;l;m|-Ѵ-m-Ѵvbvo=|_;;|u-1|v-v1om71|;70Ŋ"ĺ"obѴ
-m70-v-Ѵ||o|-Ѵbmou]-mb11-u0omŐ$ő-m7$l;-vu;l;m|v;u;
l-7;vbm]-m-Ѵ;u Ő(-ubo0;ĸѴ;l;m|-uőomv-lrѴ;v
0;=ou;-m7-=|;u|u;-|l;m|b|_ѵѴĸvobѴĹ-1b7u-|boo=ƖƏl]|o
ƏĺƔlѴŐnƷѵ_olo];mb;7v-lrѴ;vr;u7;r|_-|=ou7;r|_vķƐƑĺƔķ
ƑƔķƒƕĺƔ-m7ƔƏ1lőĺ
Sorghumuoo|ķv_oo|-m7v;;7l-vv;v;u;ro7;u;7v;r-u-|;Ѵ
vbm]-]ubm7bm]lbѴѴŐo7;ѴĹƐƏ"ƑĸŊ);uh;l0şĺőĺ
-|bom1om1;m|u-|bomv;u;7;|;ulbm;707b];v|bm]rѴ-m|l-|;ub-Ѵv
bmѵlѴmb|ub1-1b7-m7ƑlѴr;u1_Ѵoub1-1b7lb|u;om-_o|0Ѵo1h
ŐƑƏƏŦő =ouƑƏlbm-m7-m-Ѵvbm] |_;;|u-1|v0 Ŋ"ĺ"bѴb1om
1om1;m|u-|bomvbmrѴ-m|l-|;ub-Ѵv;u;l;-vu;7=oѴѴobm]v|-m7-u7
ruo|o1oѴv Ő!;b7bm];uķ !-lv;ķ ş -u|Ѵ;ķ ƑƏƐƑő om r;ѴѴ;|b;7 roŊ
7;u;7v-lrѴ;v0*Ŋu-=Ѵou;v1;m1;Ő*!ővr;1|uov1orŐ"r;1|uov
b|om *ƒ|ƖƏƏ 		ĸ $_;ulo "1b;m|b=b1ő 1-Ѵb0u-|;7 vbm] "bŊ
vrbh;7 vm|_;|b1 l;|_Ѵ 1;ѴѴѴov;ķ -m7 -Ѵb7-|;7 vbm] ;u|b=b;7
!;=;u;m1;-|;ub-Ѵ"	ƕƒƒƓƖļv_0u-m1_;v-m7Ѵ;-;vĽ=uol
|_;_bm--|bom-Ѵm-Ѵvbv;m|;u=ouuom-m7"|;;Ѵĺ
-v-Ѵ|]u-bmvu;1o;u;7=uolmѴom0-]v;u;vrѴb|bm|ov0v-lŊ
rѴ;vb|_om;v0f;1|;7|o*!vr;1|uov1orl;-vu;l;m|vŐ,;|blĸ
-Ѵ;um -m-Ѵ|b1-Ѵ |7ő |o 7;|;ulbm; 1_-m];v bm vu=-1; 1_;lbŊ
1-Ѵ;Ѵ;l;m|1olrovb|bom Őb]u;"ƒő-m7 |_;o|_;uvv;7 =ou	
;|u-1|bom -m7 v0v;t;m| loѴ;1Ѵ-u -m-Ѵvbv |o 1_-u-1|;ub; |_;
b7;m|b| o= lb1uoou]-mbvlv 1oѴombbm] r-u|b1Ѵ;v Őb]u; "Ɠőĺ m]-Ѵ
1oѴomb-|bom-v;-lbm;70bl-]bm]|_;]u-bmvm7;u-v1-mmbm]
;Ѵ;1|uom lb1uov1or; Ő"ĸ (ƒķ $"ő -| |_; bol;7b1-Ѵ
"1b;m1;vѴ;1|uomb1uov1or;&mb|ķ&mb;uvb|o="_;==b;Ѵ7ĺl-];v
;u;-1tbu;7vbm]-v;1om7-u;Ѵ;1|uom7;|;1|ou-|-m-11;Ѵ;u-|Ŋ
bm]oѴ|-];o=ƑƏh(m7;u_b]_-1l1om7b|bomvŐƺƐƵƐƏƴƓ Torr; 
b]u;v"Ɣ-m7"ѵķ-Ѵvov;;or|b1-Ѵlb1uov1orbl-]bm]bmb]u;v"ƕ
-m7"Ѷőĺ
	-v;|u-1|;7=uol0-v-Ѵ|bm|_;l;v_0-]vvbm]-	;-v
o;u"obѴb| Ő b-];m|7őĺlrѴb=b1-|bomo=r-u|b-ѴƔĺѶ"ķ $"Ƒ-m7
r-u|b-ѴƑѶ"=m]-Ѵv;t;m1;v-vr;u=oul;70!b|_$-tŤ
oѴl;u-v;ŐboѴbm;ő-m7rubl;uv]$"ƕŐ_ul-uh;|-ѴĺķƑƏƐƑő-m7$"Ɠ
Ő)_b|;ķumvķ;;ķş$-ѴouķƐƖƖƏőķlo7b=b;7|obm1Ѵ7;|_;ѴѴlbm-
o;u_-m]-7-r|;uv;t;m1;vŐ࣐|ub-1t;|-ѴĺķƑƏƐƕőĺ$ubrѴb1-|;!v
were carried out on 1 μѴo=|;lrѴ-|;	;|u-1| bm|_;ru;v;m1;
o=|_;l-m=-1|u;uŝv0==;uŐbm1Ѵ7bm]7$vő-m7ƏĺƓμo=;-1_
primer in 20 μѴu;-1|bomvŐ!1om7b|bomvĹƖƓŦ=ouƑlbmĸƒƔ11Ѵ;v
-|ƖƓŦ=ouƒƏvķƔƒŦ=ouƒƏv-m7ƕƑŦ=ouƒƏvĸ-m7ƕƑŦ=ouƐlbmőĺ
uo71|vo=|_;|_u;;!u;-1|bomv;u;|_;mrooѴ;7r;uv-lrѴ;
-m7rub=b;7vbm]u;*0;-7vŐ;1hl-moѴ|;um1ĺķ&"őĺ
	-Ѵ bm7;;v;u;-77;7vbm]|_;;|;u-*$m7;b| ŐѴѴlbm-
m1ĺ&ő=oѴѴobm]|_;l-m=-1|u;uŝvbmv|u1|bomvĺlrѴb1omv;u;
|_;mrub=b;7-]-bmvbm]u;*0;-7vķt-m|b=b;7-m7rooѴ;7ĺ
";t;m1bm]-vr;u=oul;7vbm]ƑƔƏ0rv;t;m1bm]om-b";tv;Ŋ
t;m1;uŐѴѴlbm-m1ĺķ-|$_;-uѴ_-lmv|b||;ķoub1_ķ&őĺ
	;ŊlѴ|brѴ;;7 -v|  =bѴ;v ;u; =bѴ|;u;7 vbm] &"! ƖĺƐ
Ő7]-uķ ƑƏƐƏő b|_ - l- -Ѵ; o= Ɛĺ mѴ =ou-u7 u;-7v ;u;
-m-Ѵv;7 7; |o Ѵ;m]|_ -ub-0bѴb| bm |_; $"Ƒ u;]bom ruo71bm]
ro|;m|b-Ѵ 0b-v;v =ou r-bu;7 7-|-ĺ ubl;u v;t;m1;v ;u; u;lo;7
-m7&-vv;7|o7;|;1|1_bl;u-vŐ7]-uķ--vķѴ;l;m|;ķ
 bm1;ķ ş mb]_|ķ ƑƏƐƐőĺ olr-ubvomv ;u; l-7; |o |_;  ņ
&$ u;=;u;m1; $" 7-|-0-v; ŐƕĺƑĸ bѴvvom ;| -Ѵĺķ ƑƏƐƖő -m7 v;Ŋ
t;m1;v;u;1Ѵv|;u;7-|Ɩƕѷvbm] Ő-rou-vo;|-ѴĺķƑƏƐƏőĺ
"bm]Ѵ;|omv;u;u;lo;7=uol|_;7-|--v|_;v;-u;o=|;mv;t;m1Ŋ
bm];uuouvŐ-f-m;-ķ|b࢜bm;mķ(-uboķ-]-bķşѴolv|;uķƑƏƐƔőĺ
";t;m1;v_-;0;;m7;rovb|;7bm|_;uor;-m1Ѵ;o|b7;u1_b;
m7;u-11;vvbomml0;u!ƑѶƏѶƑĺ
ƑĺѵՊ|Պ-v-Ѵ|b1uo1h1_-u-1|;ub-|bom
Ѵ;ub;70-v-Ѵ|-vvou1;7=uol|_;-v1-7;om|-bm!-m];ķ
u;]om Ő;m|u-Ѵ u;]om -v-Ѵ| uo71|v őĺ $_; uo1h bv lb77Ѵ;
bo1;m; bm-];-m70;Ѵom]v |o |_; ļubm;bѴѴ;_;lb1-Ѵ$r;&mb|Ľ
o=|_;oѴl0b-!b;u-v-Ѵ|Ő"lb|_ş-l-mķƐƖѶƕőĸb|_-1_;lŊ
b1-Ѵ bm7; o= -Ѵ|;u-|bom o= ƒѶѷķ -v 1-Ѵ1Ѵ-|;7 =uol |_; ob7; 7-|-
Ő$-0Ѵ;"Ɛĸ;v0b||ş+om]ķƐƖѶƑőķ b| bv 1omvb7;u;7 u;Ѵ-|b;Ѵm-ѴŊ
|;u;7ĺ$_;lbm;u-Ѵo]o=|_;u;]om0-v-Ѵ|Ő$-0Ѵ;Ɛő-v7;|;ulbm;7
vbm]*Ŋu-7b==u-1|bomŐ*!	ő-m-Ѵvbv-||_;ub|bv_;oѴo]b1-Ѵ"u;
Ő"ő ;ou|_ Ѵ-0ou-|oub;vĺ "-lrѴ;v ;u; vrbh;7 0 ƐƏѷ Ő|ѷő
b|_1oum7lŐѴ2O3ő|o-b7t-m|b|-|b;-m-Ѵvbv-m7vru-Ŋ7ub;7
=uol-m;|_-moѴvvr;mvbom-|ѶƏŦ|o;mvu;u-m7oloub;m|-|bom
o=lbm;u-Ѵr_-v;vĺ;-vu;l;m|v;u;1om71|;7om--Ѵ|b1-Ѵ
*ŝ;u|Ŋruo7b==u-1|ol;|;uŐ-Ѵ;um-m-Ѵ|b1-Ѵ|7ĺővbm]oKα raŊ
7b-|bom ŐλƷƐĺƕѶѶƖѵC?ő =uolƓĺƔŋѶƔŦƑθ um-|ƓƔh(-m7ƓƏl
1om7b|bomvĺ uv|-ѴѴbm; lbm;u-Ѵ r_-v;v ;u; b7;m|b=b;7 vbm]
-Ѵ|b1-Ѵ b]_"1ou; Ѵv vo=|-u; 1orѴ;7 |o |_; m|;um-|bom-Ѵ
;m|u; =ou 	b==u-1|bom 	-|- Ő		ő 	ŊƓƳ7-|-0-v;ĺ uv|-ѴѴbm;
lbm;u-Ѵ-m7-lour_ovl-|;ub-Ѵt-m|b=b1-|bom-v1olrѴ;|;7vbm]
|_;!b;|;Ѵ7u;=bm;l;m||;1_mbt;b|_bm|_;v-l;b]_"1ou;Ѵv
vo=|-u;r-1h-];-m7vbm]1uv|-ѴѴo]u-r_b1 bm=oul-|bom =uol |_;
mou]-mb1uv|-Ѵ"|u1|u;	-|-0-v; Ő;ѴѴ;m0u-m7|ķƑƏƏƓő =oѴѴoŊ
bm]|_;l;|_o7oѴo]bm;lr;|-ѴĺŐƑƏƐѵőĺ
*Ŋu- 7b==u-1|bom -m-Ѵvbv bm7b1-|;7 |_-| |_; 0-v-Ѵ| 1om|-bm;7
- _b]_ r;u1;m|-]; o= -lour_ov l-|;ub-Ѵ bm|;uru;|;7 |o 0; ]Ѵ-vv
ŐŜƑƔѷĸ $-0Ѵ; Ɛőĺ $_; ;Ѵ;l;m|-Ѵ 1olrovb|bom o= |_; 0-v-Ѵ|b1 ]Ѵ-vv
-v7;|;ulbm;7b|_v1-mmbm];Ѵ;1|uomlb1uov1orŊ;m;u]7bvr;uŊ
vb;*Ŋu-vr;1|uov1orŐ"Ŋ	*ő|o0;||;u1omv|u-bmouu;-1|b;
|u-mvrou| lo7;Ѵ Ő!$ő 1-Ѵ1Ѵ-|bomv Őb]u; "Ɩĸ $-0Ѵ; "Ƒőĺ "-lrѴ;v
;u; 1-u0om 1o-|;7 |o -rruobl-|;Ѵ ƑƔ ml |_b1hm;vv bm -m ]-u
ƕƒѵƕ -|ol-|b1 " 1-u0om ;-rou-|bom 1o-|;uĺ m-Ѵvbv
-v r;u=oul;7 vbm] -   &$ ѵƏƏ "ķ or;u-|bm] -| -m
ՊՍ
 Պ
| ՊƔ
K
E
L
L
A
N
D
 
E
T
 
A
L
.
$     Ɛ Պ -v-Ѵ|lbm;u-Ѵo]7;|;ulbm;70*Ŋu-7b==u-1|bom-m7hbm;|b1u-|;r-u-l;|;uvŐ-Ѵ-m7ubş_-u-h-ķƑƏƏƓőv;7bm|_;u;-1|b;|u-mvrou|lo7;ѴѴbm]
bm;u-Ѵm-l; oѴ;1Ѵ-u=oulѴ- );b]_|
1b7hbm;|b1r-u-l;|;uv
;|u-Ѵhbm;|b1
r-u-l;|;uv -v;hbm;|b1r-u-l;|;uv
Ѵo]K -rr n Ѵo]K -rr Ѵo]K -rr n
Ѵ-]bo1Ѵ-v;aՔ -0.5-0.5Ѵ1.5Si2.5O8 ƒƔĺƐѷ ƴƕĺѶƕ 42.1 0.626 ƴƐƏĺƖƐ 45.2 no data no data no data
Ѵh-ѴbŊ=;Ѵ7vr-ubՔ 0.41-0.56-0.03Ѵ1.03Si2.97O8 ƑƒĺƏѷ ƴƐƏĺƏѵ 51.7 0.5 ƴƐƑĺƓƐ 38 ƴƑƐĺƑ 94.1 ƴƏĺѶƑ
	borvb7;Ő-m]ő -0.87]0.94m0.19Si2O6 ѵĺƑѷ ƴѵĺƒѵ 96.1 0.71 ƴƐƐĺƐƐ 40.6 no data no data no data
	borvb7; -]0.7Ѵ0.6Si1.7O6 ƓĺƓѷ ƴѵĺƒѵ 96.1 0.71 ƴƐƐĺƐƐ 40.6 no data no data no data
r-|b|; -5Ő4ő3Őő ƑĺѶѷ ƴƓĺƑƖ 250 0.171 ƴѵ 250 no data no data no data
om|loubѴѴomb|; -0.6Ѵ2Si4O10Őő2ĺ2O ƐĺƑѷ ƴƐƑĺƕƐ 48 0.22 ƴƐƓĺƓƐ 48 ƴƐƓĺƓƐ 48 ƴƏĺƐƒ
OlivinecՔ ;0.96]1.04SiO4 ƐĺƏѷ ƴѵĺѶƔ 67.2 0.47 ƴƐƏĺѵƓ 79 no data no data no data
Ilmenite ;1.4Ti0.6O3 Əĺѵѷ ƴѶĺƒƔ 37.9 0.421 ƴƐƐĺƐѵ 37.9 no data no data no data
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